bank donors who had passed the screening from January 1, 2008 to December 31, 2014. We used their first ejaculate sperm parameters for statistical analysis. Besides semen analysis, relevant demographic and clinical information was collected and analyzed. Demographic information included age. Clinical information included BMI, semen parameters, duration of abstinence, and the date of semen analysis. A total of 5210 donors' semen samples were eligible and screened for entry into the data analysis.
INTRODUCTION
Carlsen and coworkers (1992) reviewed 61 heterogeneous observational studies on semen quality published between 1938 and 1991. 1 After that, numerous studies suggest a decline in semen quality in some parts of the world. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In contrast, other studies have reported no significant change in semen quality. [13] [14] [15] [16] [17] [18] [19] [20] [21] However, the debate regarding semen quality remains ongoing due to the possible effects of geographic differences. Of all the studies, some concern infertile couples, while others analyze normal sperm parameters. Until today, large studies on the semen quality of Chinese men have been rare. The objective of this study was to analyze the semen parameters of 5210 sperm donors from Shandong Human Sperm Bank of China, and look for changes that may have occurred during a period of 7 years (2008-2014) . Shandong Human Sperm Bank opened in 2006, from then on, human sperm laboratory has specialized in semen analysis and has been focused on spermatozoa research. To this end, we have performed a very precise, body mass index (BMI, kg m −2 ) and age-adjusted study of donors' semen parameters. These results were then computerized and are now presented, for the first time, in a detailed analysis of the semen parameters over a course of time.
MATERIALS AND METHODS

Subjects
This was a retrospective longitudinal cohort study analyzing the semen quality of 5210 qualified sperm bank donors recorded in the Shandong Human Sperm Bank from January 1, 2008 to December 31, 2014 . All the participants were healthy sperm bank donors, living in Shandong province at the time of sperm donation; 98.17% were Han race.
The screening criteria of sperm donors in our study were conducted strictly in accordance to the standard published by the Chinese Ministry of Health in 2003. All donors in our study were qualified sperm
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Decline of semen quality among Chinese sperm bank donors within 7 years (2008-2014) forward motility, and total motility. Semen volume was evaluated by graduated pipettes. The pH value was measured using pH paper and compared with the calibration strip to determine the pH value. For the assessment of sperm concentration and motility, 10 µl of well-mixed semen was placed in a clean Makler chamber (which had been held at 37°C) and covered gently with the cover glass, then examined at a total magnification of ×200. Ten of the 100 squares in the microscope field were randomly scanned and the sperm count was recorded by cytometer. The proportion in each of the four motility categories was assessed: fast progressive sperm (a), slow progressive sperm (b), nonprogressive sperm (c), and immotile sperm (d). During the analysis, specimens were not diluted before using the Makler chamber. To reduce variation in the assessment of sperm characteristics, each semen sample was analyzed twice every time. During the research, internal quality control was performed to ensure that there was no significant difference between the results of the technicians.
Statistical analysis
Descriptive statistical results are presented as nontransformed data. Because the distributions of the analyzed parameters were not normal, the percentiles, medians, and means were calculated. The data were summarized using medians, 25 th , and 75 th percentiles. The nonparametric test (Kruskal-Wallis method) was used for the comparison of the raw data. Linear regression analysis was used to examine trends in semen characteristics over time. Multiple linear regression analyses were performed controlling for appropriate covariates (age, BMI, duration of abstinence, and season) to look for a calendar-year effect on semen parameters over the study period (2008) (2009) (2010) (2011) (2012) (2013) (2014) . Season was re-evaluated as a dummy variable: spring (March-May), summer (June-August), autumn (SeptemberNovember), and winter (December-February of the following year), with winter as the reference value. When performing linear regression analyses, semen volume, sperm concentration, sperm forward motility, and total sperm count were log-transformed (base 10) prior to analysis because of a skewed distribution. Residual plot was used to test the homogeneity of variance. All statistical tests were two-sided, and statistical significance was defined as P < 0.05. All statistical analyses were performed with SPSS 19.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Subject characteristics
A total of 5210 eligible semen samples from 5210 donors were screened for inclusion in the final analysis. General characteristics of the 5210 donors are summarized in Table 1 Table 2 shows the semen parameters of the sperm bank donors according to calendar year. Figure 1 shows the decreases in mean values for semen volume, sperm concentration, mean (a + b)% (sperm forward motility), and total sperm count (R 2 = 0.563, P = 0.052, β = −0.012; R 2 = 0.848, P = 0.003, β = −0.032; R 2 = 0.829, P = 0.004, β = −0.008; and R 2 = 0.796, P = 0.007, β = −0.045, respectively). Moreover, after adjusting for age, BMI, duration of abstinence and season, semen volume, sperm concentration, sperm forward motility, and total sperm count also showed a tendency to decrease with calendar year (β = −0.012, P < 0.001; β = −0.031, P < 0.001; β = −0.006, P < 0.001 and β = −0.045, P < 0.001, respectively) ( Table 3) .
Trends of semen parameters
DISCUSSION
Semen analysis is one of the most valuable methods for evaluating male reproductive health, and it plays an important role in the field of andrology. During the past several decades, many reports have suggested that the semen quality in healthy men is declining, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Swan et al. 5 also corroborated a large annual decline in sperm concentration in European men (2.3%) and a smaller decline in the US men (0.8%). However, few studies have focused on the semen quality and temporal trends in the semen quality of Chinese men. In our study, 5210 eligible semen samples from Shandong Human Sperm Bank were screened and analyzed. The results indicated that semen volume, sperm concentration, sperm forward motility, and total sperm count of Shandong Sperm Bank donors may have declined in sperm bank donors between the years 2008 and 2014 in Shandong. To our knowledge, this is one of the largest studies focusing on the semen quality and temporal trends in the semen quality of Chinese sperm bank donors. Therefore, our study expands the current data on semen quality and temporal trends of semen quality among men with unknown fertility.
Our analysis of sperm samples from 5210 men who qualified to be sperm donors at Shandong Human Sperm Bank in China showed declining trends in semen volume, sperm concentration, sperm forward motility, and total sperm count between 2008 and 2014. These trends continued to be present even after adjusting for age, BMI, duration of abstinence, and season. Compared with other similar Chinese studies, [23] [24] [25] [26] most values for the semen parameters examined in our study ( Table 2 ) were in the middle of the other reported results. The probable reasons for this include: (1) the different criteria used to select participants; (2) regional differences; and (3) the different study periods.
Abstinence time is strongly related to sperm concentration, 5,27-29 and this relationship was further verified by the data shown in Table 3 . Besides calendar year, abstinence time was a relatively more important predictor of sperm concentration. However, similar to a previous result, 5 age was not retained in the final model for prediction of sperm concentration. Data in Table 3 show that the yearly rates of decline in semen volume, sperm concentration, sperm forward motility, and total sperm count were 2.73%, 6.89%, 1.37%, and 9.84%, respectively. Data in Table 2 and Figure 1 indicate that the declining trends in sperm parameters were obvious during the 4-year period of 2008-2011, however the declines seem to have stopped during the final 3 years of our study. A long-term observational study is needed to reach a true and real objective conclusion regarding changing trends in the parameters of semen quality. Since the mean age of participants in our study increased to 5.32 years during the study period, we re-evaluated the effect of age by examining four different categories (<23 years, 23-25 years, 26-30 years, and 31-45 years) to check for the changes in semen parameters with time in those different age groups (Figure 2a-2d) . Our results showed that the values for almost all semen parameters in every age group showed a tendency to decline with time.
The declining trend in our study would be consistent with a decline in the magnitude reported by Carlsen et al. 1 However, the yearly decline rates of sperm concentration and total sperm count calculated in our study were much higher than those reported in previous studies. [8] [9] [10] [11] [12] In addition, our study found a slight decline in sperm forward motility over time, which was different from other reported results. 10, 11, 30 The screening criteria used to screen sperm bank donors in China have not changed since 2003. Furthermore, it is noteworthy that the percentage of qualified donors who satisfied sperm bank criteria declined during the study period, suggesting that the semen quality of men residing in Shandong may have declined.
We cannot explain the larger decline in donor semen quality found in our 7-year study when compared to changes found in other studies. In the year 2000, Swan et al. 5 corroborated a large annual decline in sperm concentration in European men (2.3%) and a smaller decline in the US men (0.8%). Geoffroy-Siraudin et al. 10 found declining trends in sperm concentration and total sperm count of about 1.5%/year and 1.6%/year, respectively, among 10 392 males consulting for couple infertility in 2012. In addition, in France in 2012, Rolland et al. 11 found a continuous decrease in sperm concentration of about 1.9%/year in a sample of 26 609 partners of totally infertile women. However, such studies have rarely been conducted in China. In 1999, Zhang et al. 30 proposed that sperm quality in China had declined significantly faster than that in Western countries during the same time period. Recently, Rao et al. 23 reported that in 1808 Wuhan University students, there was a decrease in sperm concentration during the 4-year observation (from 58.0 × 10 6 ml −1 in 2010 to 41.8 × 10 6 ml −1 in 2013). After adjusting for potential confounders (age, year, season, and duration of abstinence), sperm concentration and total sperm count also showed a tendency to decrease. It seems that the yearly decline rate in sperm concentration in their study was even higher than that in ours. It has been proposed that the semen quality can be influenced by geographic and ethnic factors. 31, 32 By now, we cannot resolve if the reasons for the downward trends might be related to environmental or occupational factors or differences in lifestyles of the individuals. However, we are certain that the decreases in sperm concentration and total sperm count do exist in Shandong sperm bank donors. In the year 2014, Jiang et al. 33 reported that semen quality of adult men in Sichuan (China) declined. This indicates that the decline in semen quality found in our study was not an isolated event, which should be paid high attention to.
Le Moal et al. 34 found that the highest decreases and lowest values of concentration and morphology were consistently observed in two proximate regions that are both highly agricultural and densely populated. Those investigators proposed that their results were consistent with the endocrine disruptor hypothesis, and most probably due to changes in environmental exposure or lifestyle that equally impacted all participants during their study period. Further studies are needed to determine the potential causes for the declines in semen quality found in our study.
Semen quality is known to be a well-recognized marker of fertility. Besides fertility outcomes, semen quality is a sentinel indicator of gamete deterioration and thus should be considered as a biomarker of the next development outcomes. 35 And, Jensen et al. 36 reported lower rates of mortality among men with good semen quality, and speculated that good semen quality may be a fundamental biomarker of overall male health. All these aspects strengthen the need to pay attention to semen quality.
Our study had some potential weaknesses that should be mentioned: first, this was a retrospective analysis, subjected to inherent biases, and the data analyzed were relatively crude. Although the data had been adjusted for several factors, they were not adjusted for some potential confounders and factors known to impact semen quality such as tobacco use, alcohol use, dietary patterns, occupational exposure, and lifestyle. Second, the data were obtained by analyzing semen from donors at a sperm bank, and thus the quality of semen may not be representative of that found in the general population, resulting in selection bias. Nonetheless, the relatively large sample size in this study, the use of a longitudinal cohort, the fact that few changes in the laboratory staff, and the unique and very precise sperm analyses conducted are the main strengths of the present study.
CONCLUSION
Among a sample of 5210 sperm bank donors from Shandong Human Sperm Bank in China, we found evidence suggesting there may have decreases in semen volume, sperm concentration, sperm forward motility, and total sperm count between 2008 and 2014, of about 2.73%, 6.89%, 1.38% and 9.84%/year, respectively. To our knowledge, this is the first study to focus on qualified sperm bank donors' semen quality in China. These results indicate that there may be a severe and generalized decrease in semen quality among males in Shandong. The decline of semen quality among sperm bank donors in our study may be alarming, and should receive great attention. Long-term observation should be conducted to confirm the present results, and determine the potential causes of this decline in semen quality.
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